Background: Despite recommendations for restrictive approaches to red blood cell transfusion in the intensive care unit (ICU), variation from best practices persists. The aim of this study was to explore potential facilitators of and barriers to practising a restrictive red blood cell transfusion strategy among intensive care physicians using the theoretical domains framework.
A llogeneic red blood cell transfusions are common medical procedures used to treat anemia in inpatients, including those who are critically ill. 1, 2 Evidence-based guidelines 3 and clinical recommendations from initiatives such as Choosing Wisely Canada 4 recommend avoiding red blood cell transfusions for most nonhemorrhagic patients whose condition is stable and who have a hemoglobin concentration of 70 g/L or more, as above this threshold such transfusions may be clinically inappropriate. Despite these recommendations, observational studies continue to report variation and suboptimal red blood cell transfusion practices, with pretransfusion hemoglobin concentrations of 70 g/L or more among patients who receive transfusions worldwide. [5] [6] [7] [8] [9] Such findings may indicate that guidelines alone are insufficient for promoting and sustaining restrictive red blood cell transfusions among physicians. However, it remains unclear why deviations from recommended best practice continue to persist and what can be done to support behaviour change.
Previous studies investigating clinical behaviour change suggest that determinants at both the individual and institutional levels underlie physician behaviours. 10 In 2 parallel studies exploring behavioural determinants of physician transfusion practices, the theoretical domains framework was used to guide and examine qualitative findings from interviews with 28 intensive care and neonatology physicians in Canada and the United Kingdom. 11, 12 The theoretical domains framework is a comprehensive validated tool composed of 14 theoretically derived domains used to assess health care professionals' behaviours and inform development of techniques to prompt behaviour change. 10, [13] [14] [15] For local contexts seeking to promote restrictive red blood cell transfusion practices, this framework offers a reproducible means to understand facilitators and barriers, and to tailor interventional techniques. The objectives Research of this study were to explore the perceptions of red blood cell transfusion practices among intensive care physicians and to determine the key facilitators of and barriers to practising a restrictive red blood cell transfusion strategy using the theoretical domains framework.
Methods

Study design and target population
We conducted a population-based cross-sectional survey of intensive care physicians in Alberta. Eligible study participants included all physicians practising in an Alberta intensive care unit (ICU) as of July 2017. We identified potential participants through the Intensive Care Section of the Alberta Medical Association and the Alberta Health Services Critical Care Strategic Clinical Network, both of which maintain lists of intensive care physicians practising in the province.
Survey development
Two members of the research team (L.J.J.S. and F.M.C) conducted a literature review of studies exploring facilitators of and barriers to transfusion behaviour to inform questionnaire item development. Two relevant qualitative research studies were identified that used the theoretical domains framework to elucidate key factors influencing transfusion decisions among intensive care physicians across Canada 12 and the UK. 11 This framework synthesizes 33 theories related to behaviour and behaviour change, organized into 14 theoretical domains. 10, [13] [14] [15] The developers of the framework created example questions to help users assess implementation issues and health care professionals' behaviours in each domain, and a matrix of relevant behaviour change techniques. 13, 14 The previous qualitative studies 11, 12 were conducted in parallel to assess red blood cell transfusion behaviour among intensive care physicians in Canada and the UK and to compare and contrast identified determinants. Determinants relevant in both contexts were found in the following domains: Knowledge, Social/professional role and identity, Beliefs about capabilities, Beliefs about consequences, Motivation and goals, Social influences and Behavioural regulation. 11, 12 To leverage these extensive findings and develop an efficient and targeted survey, 3 members of the research team (L.J.J.S., T.W.N. and F.M.C.) developed initial questionnaire items to explore facilitators of and barriers to practising a restrictive red blood cell transfusion strategy within these 7 domains. Questionnaire items were also guided by interview questions posed in the previous studies 11, 12 and those originally developed to investigate domains of the theoretical domains framework. 16 The research team reviewed all questionnaire items to ensure sufficient and nonredundant representation of items, 17 and relevance to care in the ICU context. Draft items related to the Behavioural regulation domain were excluded as the information collected was found to be redundant to that obtained from the Beliefs about capabilities domain. Thus, only questions pertaining to the remaining 6 domains were developed for the final survey.
A convenience sample of 6 intensive care physicians affiliated with the critical care medicine programs of the University of Calgary and University of Alberta evaluated the survey for clinical sensibility, face validity and content validity. 17 The reviewers were asked to assess the relevance and quality of each item, to identify unnecessary or ambiguous questions (including clarity, relevance to the domain, flow and wording) 17 and to report the length of time required to complete the questionnaire. To assess test-retest reliability (i.e., stability), 18 the reviewers were asked to complete the survey again 2 weeks later. Given that the study objective was to elucidate the facilitators of and barriers to adopting change in transfusion practice rather than to compute a score or index, the extent to which a measure is reproducible was important. 17 The final survey was composed of 14 questions (presented over 7 online screens; see description of survey administration) designed to understand physician perceptions and identify self-reported behavioural determinants of practising a restrictive red blood cell transfusion strategy (i.e., restricting transfusion to patients with a hemoglobin concentration less than 70 g/L) (Box 1). Participants indicated their responses on a 5-point Likert scale from 1 ("Strongly disagree") to 5 ("Strongly agree"); for the final question, the response was open-ended. We also elicited information concerning respondents' primary location of practice, number years practising in critical care, primary specialization leading to critical care and experience treating the relevant patient population. Limited demographic information was collected to decrease the likelihood of individual respondent identification.
Survey administration
Email invitations to participate in the study were sent directly from the Intensive Care Section of the Alberta Medical Association and the Critical Care Strategic Clinical Network to all eligible participants on their mailing lists. No physician contact information was shared with the research team. The invitation email included a personalized message informing participants of the purpose of the study, estimated time to complete the questionnaire, description of implied consent on survey completion, data storage and confidentiality agreement, and link to the online survey. Two reminder emails were sent within 3-week intervals after the original invitation.
The survey was administered online via SurveyMonkey (www.surveymonkey.com/) between July 27 and Oct. 6, 2017. Potential participants were informed that the survey was voluntary and was designed to understand barriers and facilitators in aggregate rather than at the individual level; therefore, the research was not intended to evaluate individual participants' knowledge or competence. 19 In addition, participants were able to review and change answers (i.e., through "back" buttons) before submission. The SurveyMonkey platform tracked potential duplicate entries through IP addresses of computers used to access the survey, with no more than 1 entry permitted from a single address. However, survey responses were anonymous: IP information was not available to the research team, and no connections were made between respondent data and IP addresses.
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Data analysis
We reported the total number of responses for each question and calculated percentages using the responses received as the denominator. However, only 1 question was not responded to by all participants. We analyzed the responses using descriptive statistics. For questions with Likert scale response options, the proportions of responses within each response category were depicted graphically and organized by theoretical domain of the theoretical domains framework. Openended response data were analyzed by 2 researchers (L.J.J.S. and F.M.C.) using conventional qualitative content analysis, 20 a method typically used to describe a phenomenon when existing evidence is limited. 20 We took an inductive approach to develop an initial list of emergent themes for why respondents perceived their ICU contexts to be (or not be) amenable to practising a restrictive transfusion strategy. The most prominent or key themes and interpretation of the data were then determined through discussion and consensus among all members of the team.
Ethics approval
Research ethics approval was obtained from the Conjoint Health Research Ethics Board of the University of Calgary.
Results
Of the estimated 75 intensive care physicians practising in the province, 42 completed the survey (response rate 56%). 
Determinants of practising a restrictive red blood cell transfusion strategy
The responses on the Likert scale survey questions evaluating potential facilitators of and barriers to practice change, grouped by theoretical domain, are provided in Figure 1 .
Identified facilitators
Respondents identified 2 major facilitators: knowledge of the evidence in support of restrictive red blood cell transfusions and use of transfusion guidelines. Almost all respondents 2. The evidence base in support of a restrictive RBC transfusion strategy for hemodynamically stable nonbleeding adult patients is strong and sufficient.
3. Evidence in support of a restrictive RBC transfusion strategy guides my approach to RBC transfusions.
Social/professional role and identity
4. In general, adhering to guidelines is important to the quality of care I deliver.
5. I feel constrained by the recommendations in transfusion guidelines.
Motivation and goals
6. Adopting a restrictive RBC transfusion strategy can come at the cost of other goals or improving other patient outcomes (e.g., slowing time to recovery or discharge).
A restrictive RBC transfusion strategy is important to my clinical practice.
Social influences
I am influenced by my physician colleagues with respect to RBC transfusion practices.
9. In our ICU, my physician colleagues and I tend to practise in a similar fashion and make decisions that are consistent with the general way of agreement.
Patients' families have an influence on my RBC transfusion practice.
Beliefs about consequences
11. A restrictive RBC transfusion strategy can reduce the risk of harm (e.g., transfusion-related reactions or infections) to the patient.
12.
A restrictive RBC transfusion strategy can reduce costs and save resources in the ICU.
Beliefs about capabilities
13. The conditions in my ICU are amenable to practising a restrictive RBC transfusion strategy.
14. Please elaborate on your response to question 13: ________________________________________________ domain) . In the open-ended elaboration on these responses, respondents identified 2 facilitators centred on the dynamics between health care providers within the ICU: physician autonomy in clinical decision-making (Beliefs about capabilities domain), and a culture of acceptance (i.e., of restrictive transfusions) and collegial support (Environmental context and resources domain) ( Table 2 ). Other facilitators described by respondents included implementation of strategies and approaches to encourage uptake of a restrictive transfusion strategy (Behavioural regulation domain), including the use of transfusion practice guidelines (Social/professional role and identity domain), and a multidisciplinary approach to health care provider education (Knowledge domain).
Identified barriers
Respondents identified the potential impacts on other areas of practice or goals as barriers to practising a restrictive transfusion strategy. Five respondents (12%) agreed that adopting a restrictive red blood cell transfusion strategy could come at the cost of other clinical and/or patient goals (e.g., slowing 
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Research time to recovery or discharge from the ICU), (Motivation and goals), whereas 9 respondents (21%) neither agreed nor disagreed with this statement. Six (14%) of the 42 respondents did not perceive that or were indifferent to whether their ICU was amenable to practising a restrictive transfusion strategy. Analysis of open-ended responses elaborating on these responses identified 3 additional barriers (Table 2) . Although half of the respondents reported that they were not influenced by or were indifferent to their ICU physician colleagues with respect to red blood cell transfusion (Social influences domain), perceived conflicts between ICU health care providers and other clinical specialties was seen as a barrier to practising a restrictive strategy. Another barrier related to the nascent skills and knowledge of medical trainees and how this may hinder their ability to consistently adhere to a restrictive transfusion practice. A final attitudinal barrier that emerged was the perception that variability in red blood cell transfusion practices did not occur (Optimism domain).
Interpretation
We report on how intensive care physicians in Alberta perceive current red blood cell transfusion practices in the ICU and factors that influence restrictive red blood cell transfusion practices for nonbleeding adult patients whose condition is stable. Key facilitators identified included respondents' perceived knowledge of the evidence in support of restrictive red blood cell transfusions, reported use of transfusion guidelines, potential improvements in patient and system outcomes, phys ician autonomy, and a perceived culture of acceptance and collegial support in the ICU. Barriers included the potential impact on and cost to other clinical goals, conflicting practices and beliefs of physicians in other clinical specialties, deficiencies in residents' skills and knowledge, and the perception that variation in red blood cell transfusion practices (e.g., non adherence to guidelines) does not exist. Our findings are in line with the facilitators and barriers previously identified in the literature. 11, 12 For instance, one barrier for our respondents concerned conflicts with physicians in medical specialties outside of the ICU (Social influences domain). Given the interdisciplinary care provided to critically ill patients, 21 differences in adopted transfusion best practices across specialties may impede implementation of ICU recommendations and/or guidelines.
Open-ended responses also identified facilitators and barriers in additional theoretical domains. One barrier was associated with the Skills domain and related to the abilities of medical trainees. This echoes findings from a previous survey study that showed insufficient medical resident knowledge of and training in transfusion medicine. 22 However, such observations may also result from variability in the transfusion standards disseminated to trainees by physician educators in different medical specialties. Another barrier we identified related to the Optimism domain: 1 respondent did not perceive variability in red blood cell transfusion practices in the ICU and felt that exploration into this area was unwarranted. This finding may represent an important attitudinal barrier, particularly if expressed by physicians in a leadership role.
Limitations
Our respondents consisted of a small sample of intensive care physicians from 1 Canadian province. Although the observed nonresponse rate, 44%, is considered reasonable for electronic surveys, 17 it may indicate nonresponse bias. 23 Our results may also have been affected by selection bias through undercoverage or voluntary response bias, as we were unable to determine the true number of eligible intensive care physicians in 
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Alberta. 24, 25 To build off previous research, 11, 12 we designed our survey to explore potential facilitators and barriers in 6 of the 14 domains in the theoretical domains framework (Knowledge, Social/professional roles and identity, Motivation and goals, Beliefs about consequences, Social influences and Beliefs about capabilities). Although these 6 domains were among the most relevant to red blood cell transfusion behaviours of Canadian and UK intensive care physicians, 11, 12 this choice prevented us from extensively exploring determinants in the other 8 theoretical domains framework domains. We examined the stability and face and content validity of the survey through pilot testing; however, evaluation of other psychometric properties (e.g., internal consistency) was not completed. This may have affected the reliability and validity of the present findings, although the extent of such impact is unclear. Our findings may be subject to duplicate survey entries. The SurveyMonkey platform tracked unique respondents through computer IP addresses, and duplicate entries may have resulted if respondents used different computers; however, the likelihood of this is low. All of our respondents practised primarily in teaching hospitals or hospitals in large urban settings, where most ICUs in Alberta are located. Thus, the generalizability of our findings to intensive care physicians in other geographic settings is unknown. Last, the crosssectional nature of the study permitted us to understand physician perceptions at only 1 point in time; physician perceptions may evolve over time.
Conclusion
We identified several potential facilitators of and barriers to adopting a restrictive red blood cell transfusion practice among intensive care physicians in Alberta. This information can be used to develop targeted behaviour change techniques to optimize red blood cell transfusion practices in the ICU. This theory-based, methodological approach for soliciting behavioural determinants to transfusion behaviours may also apply in other clinical contexts.
